Abstract The authors extracted a dialyzable substance from sea urchin (Diadematidae) collected in Fiji, and investigated its effect on the frequency of miniature endplate potentials (MEPPs) in the sartorius muscle of the frog. This substance was shown to be different from previously known biologically active substances in many respects. The increase of MEPP frequency by the application of toxin was significant and dosedependent. The frequency began increasing immediately after application and returned to normal after washing. This increasing action of toxin on MEPP frequency was strengthened by increased calcium concentration, but even in Ca-depleted solution toxin action was significant. Toxin action in Ca-free Mg2+ solution was found to be just as remarkable as in Cat + solution, and was dependent on magnesium concentration. Toxin action was also found to depend significantly on sodium concentration. The toxin did not change membrane potential of the muscle appreciably. From these results, the depolarization of the nerve terminal was not considered to be the main effect of toxin on MEPP frequency. The increasing action of toxin on MEPP frequency was interpreted as being the result of increased permeability of the nerve terminal to both divalent cations and Nat Key Words: sea urchin toxin, spontaneous transmitter release, MEPP.
1967). Saponins which have a hemolytic activity and fatal toxicity in killifish have been isolated from four species of Echinoidea (RuGGIERI et al., 1970) .
Recently, the authors obtained crude extracts from sea urchins belonging to the family Diadematidae collected in Fiji. The extracts have various activities, such as hemolytic activity, toxicity to killifish, and the increasing activity of the frequency of miniature endplate potentials (MEPPs) (KIHARA et al., 1983) . Later, the substance which increased MEPP frequency in the frog was separated from crude extracts (Kihara et al., in preparation) . In the present paper, a brief description of this toxin and its effect on MEPP frequency will be presented.
MATERIAL AND METHODS
As the procedure to obtain the toxin will be described in detail in an upcoming paper (Kihara et al., in preparation) , only a brief description will be presented here. Crude toxin was extracted with 70 % ethanol from the dry powder of the lyophilized spines and shells of the animal. Crude extracts were presented for preliminary experimental use after the removal of cations by Amberlite IR-120B column and the adjustment of pH by NaOH. Crude extracts were partially purified by the extraction with ethylacetate. The substance which increased MEPP frequency of the frog was dialyzable. Ten milligrams of partially purified toxin was dissolved in 1 ml of distilled water for stock, and presented for the experiments. The concentration of toxin is expressed in mg/ml.
The effect of toxin on the frequency of MEPP was studied using the sartorius muscle of frog (Rana nigromaculata) at room temperature (18-23°C). The slightly stretched muscle was mounted on the bow-shaped surface of a small acrylic chamber (1.5 ml in volume). MEPPs were recorded from the superficial endplate of the muscle with conventional microelectrode filled with 3 M KCl (4-10 MSS). The electrode was kept at the same endplate throughout the experiment. MEPPs were filmed or recorded with pen-recorder for 0.1-10 min depending on the frequency. The endplate was exposed to the test solution for 3 min and the average number of MEPPs produced in the last 2 min was taken as MEPP frequency, but when the concentration of toxin was low (0.15 mg/ml), the exposure time was 5-7 min instead of 3 min. In some cases, the effect was expressed by the ratio (F/F0), MEPP frequency in the test solution (F) to that in the control (F0).
The normal Ringer solution contained 115 mM NaCI, 2.5 mM KCI, 1.5 mM CaCl2, and 5 mM Tris maleate buffer at pH 7.2. When NaCI concentration was varied the tonicity was held constant by adjusting sucrose concentration. When Cat + or Mgt + concentration was changed, the concentration of NaCI was altered inversely to preserve the osmotic pressure. EGTA (1 mM) was added to Ca-free solution to chelate Cat+. Divalent cation-free solution was obtained by the addition of 1 mM EDTA to chelate both Ca2+ and Mgt+. The spontaneous twitch of the muscle was prevented by the addition of 5 x 10 M tetrodotoxin (TTX) in a divalent cation-free solution.
RESULTS
MEPP frequency in normal Ringer increased in proportion to the concentration of toxin (Fig. 1A) . In most cases, the increase of MEPP frequency became steady immediately after the application of toxin, and returned to the original level with the removal of toxin. But when the concentration of toxin was low, the increase of MEPP frequency developed slowly, reaching the steady level in about 5 min. When the time of exposure of the endplate to toxin was too long, recovery was incomplete. The increase in MEPP frequency was significant in most endplates (Fig. 1A) , although it varied from endplate to endplate. Even when the increase of MEPP frequency by toxin was small, its concentration dependence was clear. The average ratio (F/Fo) of MEPP frequency at different endplates by exposure to toxin was plotted semilogarithmically against the toxin concentration ( proportional to the toxin concentration. The membrane potential of the muscle did not show appreciable change during the application of toxin.
Increase of Ca2+ concentration in the bathing solution slightly increased the frequency of MEPP (Fig. 2) . When toxin was applied, the effect of Ca2+ concentration on the increase of MEPP frequency was enhanced significantly (Fig.  2) . The enhancing effect of toxin on MEPP frequency by Ca2+ was strengthened by increased toxin concentration. The combined effect of Ca2+ concentration and toxin concentration is presented in Fig. 3A . During the long impalement of the same endplate, the toxin concentration was changed 3 times (0.15, 0.3, and 0.45 mg/ml), and at each toxin concentration Ca2+ concentration was changed in 3 steps (0.8, 1.5, and 4 mM). In Fig. 3A , the frequency of MEPP was counted several times in the respective concentration of toxin and Ca2+. Both toxin and Ca2+ increased the frequency of MEPP. When MEPP frequency in different Ca2+ concentrations was plotted logarithmically against the toxin concentration, each Ca2+ concentration gave a straight line showing parallel shift relating to the Ca2+ concentration (Fig. 3B) .
The effect of toxin on MEPP frequency remained similar when Ca2+ was replaced by Mgt+. Without toxin, the increase of Mg2+ concentration brought no appreciable effect on MEPP frequency (Fig. 4A) , but with toxin the increase of Mg2+ concentration induced as significant an increase of MEPP frequency as did Ca2 + (Fig. 4A) . In Ca-free 3 mM Mg2 + solution, the frequency of MEPP increased logarithmically against the toxin concentration (Fig. 4B) . Without toxin, the coexistence of Ca2+ and Mg2+ in various concentration ratios induced an inappreciable effect on MEPP frequency, but with toxin the coexistence of Ca2+ and Mg2+ brought increasing action on MEPP frequency proportional to the total concentration of the divalent cations. An example is shown in Fig. 4B , in which the coexistence of Ca2+ and Mg2+ caused parallel shifts to the left of the dose response curve of toxin. In the preliminary experiment, Mn2 + had a similar effect to Mg2 t Even when the divalent cations were depleted by the addition of 1 mM EDTA, there was a significant increase of MEPP frequency by toxin. MEPP frequency increased logarithmically against the toxin concentrations in the solution without divalent cations (Fig. 5A) . The increasing action of toxin on MEPP frequency in the bathing solution without divalent cations suggests some contribution of Nat.
In the divalent cation-free solution without toxin, a change of Na+ concentration brought no actual change in MEPP frequency, but with toxin, MEPP frequency increased with increasing Na+ concentration. When Na+ concentration was changed from 46 mM to normal (115 mM) in four steps at the same endplate, MEPP frequency increased logarithmically against Na+ concentration (Fig. Each point represents the mean value of F/Fo from three endplates. The control value (F0) was the frequency in 0.8 mM Ca2+ without toxin. Note the parallel shift by increased Ca2+ concentration. Ca2+ caused the parallel shift of the curve. 5B). In normal Ca2+ solution with toxin, the increasing effect of Na+ on MEPP frequency was as remarkable as in divalent cation-free solution; without toxin, raising Na+ concentration towards normal caused a gradual decrease in MEPP frequency.
DISCUSSION
From the present purification procedure, the toxin can be considered to be different from both protein and saponin. Because the toxin from Toxopneustidae was considered to be polypeptides or proteins (FEIGEN et al., 1966; KIMURA et al., 1975) , it must be a different substance from the present toxin. Since the toxin from Diadematidae was non-dialyzable (ALENDER, 1967), it too must be different from the present toxin. Saponins have been extracted from sea stars, sea cucumbers, and sea urchins (RuGGIERI et a!.,1970; HASHIMOTO, 1977) . Although saponin could induce some effect on MEPP frequency as surface-active agents, the present pruification procedure excluded it by dialyzation. Moreover, in the later extraction, MEPP frequency effective fraction was separated from saponin (Kihara et al., in preparation) .
Neurotoxin such as black widow spider venom (CLARK et al., 1970; MISLER and HURLBUT, 1979), 3-bungarotoxin (WERNICKE et al., 1975; ABE et al., 1976) , red flat fish Pardachirus toxin (PRIMOR and ZLOTKIN, 1975; SPIRA et al., 1976) , and Glycera convoluta venom (MANARANCHE et al., 1980) have been reported to induce remarkable increase of MEPP frequency. However, because these neurotoxins are considered to be such high molecular substances as polypeptides or proteins, and because black widow spider venom needs divalent cations, and 3-bungarotoxin and Glycera convoluta venom need calcium for the action, these substances must also be different from the present toxin. Therefore, the authors conclude that the active substance discussed here is a new one different from those previously reported.
It is widely accepted that the intracellular calcium ions cause transmitter release. Multivalent cations have been shown to increase MEPP frequency at the frog neuromuscular junction by entering into the nerve ending (BuocH et al., 1968; KITA and VAN DER KLOOT, 1976; RAHAMIMOFF et al., 1978; LEV-T0V and RAHAMIMOFF, 1980) . Therefore, the present results of the action of toxin and the effect of extracellular calcium and magnesium concentrations (Figs. 2-4) can be explained by the increase of permeability to both ions at the presynaptic membrane. It has been shown that MEPP frequency varies inversely with external sodium when calcium is constant (GAGE and QUASTEL, 1966) . In toxin Ringer, on the contrary, raising sodium towards normal concentration caused a significant increase in MEPP frequency. This reversed effect of sodium would be expected if toxin elevated the sodium entrance into the nerve terminal, since intraterminal sodium ion increases MEPP frequency (BIRKS and CoHEN, 1968; RAHAMIMOFF et al., 1978; LEV-TOV and RAHAMIMOFF, 1980) . The result in Fig. 5 supports this concept. It has been recently shown that the transmitter release evoked by alatrotoxin in Ca-free media is mediated by a factor(s) other than intracellular free calcium (MELDOLESI et al., 1984) , and hence the present results may be partly interpreted by such a mechanism.
MEPP frequency may be increased by depolarization of the nerve terminal. This increase in MEPP frequency requires calcium in the external solution (DEL CASTILLO and KATZ, 1954) . Since the effect of toxin developed satisfactory in Ca-free solution (Figs. 4 and 5 ) and the membrane potential of the muscle did not change appreciably during the application of toxin, it is unlikely that the effect of toxin on MEPP frequency was caused entirely by depolarization of the presynaptic membrane. Hypertonic solution is reported to increase MEPP frequency in Ca-free solution (BLIOCH et al., 1968) . As the osmotic pressure increase by toxin was negligible (Kihara et al., in preparation) , the action of toxin cannot be attributed to osmotic pressure.
From these discussions, the toxin activity can be reasonably attributed to its enhancement of cationic permeability, although much evidence remains to be resolved.
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